Direct measurement of somatic voltage clamp errors in central neurons.
The somatic voltage clamp technique has revolutionized understanding of synaptic physiology and the excitability of neurons. Although computer simulations have indicated that the somatic voltage clamp poorly controls voltage in the dendritic tree of neurons, where the majority of synaptic contacts are made, there has not been an experimental description of the performance of the somatic voltage clamp. Here, we directly quantify errors in the measurement of dendritic synaptic input by the somatic voltage clamp using simultaneous whole-cell recordings from the soma and apical dendrite of rat neocortical pyramidal neurons. The somatic voltage clamp did not control voltage at sites other than the soma and distorted measurement of the amplitude, kinetics, slope conductance and reversal potential of synaptic inputs in a dendritic distance-dependent manner. These errors question the use of the somatic voltage clamp as a quantitative tool in dendritic neurons.